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ABSTRACT 24 
 25 
We present an example of how an invasion by a non-native cyprinid (common 26 
bream, Abramis brama (Pisces: Cyprinidae), hereafter bream) in a natural shallow 27 
lake in southern Europe (Lake Montorfano, northern Italy) may have adversely 28 
affected the state of the lake’s ecosystem. In less than two decades, bream became 29 
the most abundant species and characterized by a stunted population with 30 
asymptotic length 33.5 cm, an estimated mean length at first maturity of 19.6 cm, 31 
a total mortality rate of 0.64 y-1 and a diet overwhelmingly dominated by 32 
microcrustaceans. Following bream establishment, nutrients and phytoplankton 33 
biomass rose, the proportion of Cyanobacteria by numbers increased markedly 34 
and water transparency decreased. Total zooplankton abundance increased with a 35 
marked increase in small cladocerans and copepods, whereas the abundance of 36 
large herbivorous cladocerans did not change. The coverage of submerged 37 
macrophytes declined, as did the abundance of native pelagic zooplanktivorous 38 
fish. The composition of the fish community shifted towards a higher proportion 39 
of zoobenthivorous species, such as bream and pumpkinseed (Lepomis gibbosus). 40 
Our results indicate that bream affected water quality through bottom-up 41 
mechanisms, while top-down effects were comparatively weak. Selective removal 42 
of bream and perhaps stocking of native piscivores might improve the ecological 43 
status of the lake. 44 
 45 
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1. INTRODUCTION 49 
 50 
Non-native species, i.e. species outside their natural range which frequently 51 
become established and abundant following their introduction (Rejmánek et al. 52 
2002; Cambray 2003), are increasingly recognized as constituting one of the main 53 
threats to biodiversity and ecosystem functioning (e.g. Ricciardi and McIsaac 54 
2011) and are often associated with environmental degradation (Biro 1997; 55 
Wilcove et al. 1998; Byers 2002). Furthermore, in the case of freshwater fish 56 
faunas such biotic homogenization frequently has high ecological and economic 57 
costs (Welcomme 1998; Rahel 2000). 58 
 59 
Successful non-native species are often characterized by high physiological 60 
tolerance and functional characteristics different from those of the members of 61 
invaded communities (Moyle and Marchetti 2006; Bollache 2008), enabling them 62 
to occupy vacant niches and to spread and increase rapidly. Moreover, successful 63 
non-native species have been reported to affect the functional diversity of 64 
communities with possible strong impacts on food webs and ecosystem 65 
functioning (Hooper et al. 2005; Britton et al. 2010; Simberloff 2011). 66 
Additionally, as invasions by non-native species in novel environments are often 67 
characterized by boom-bust phenomena (Strayer and Malcom 2006; Salonen et al. 68 
2007; Volta and Jepsen 2008; Liso et al. 2011) with strong recruitment leading to 69 
high densities, the adverse effects on ecosystem processes may be further 70 
exacerbated. 71 
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 72 
Southern European fresh waters, including those of Italy and other countries 73 
adjacent to the Mediterranean Sea, are isolated from those of the rest of Europe. 74 
Mountain ranges have prevented the migration of aquatic and many other 75 
organisms from northern and central Europe, thus favouring isolation and 76 
allopatric speciation (Bianco 1998; Hewitt 1999; Rayol et al. 2007). However, the 77 
anthropogenic introduction of non-native species, a long-lasting and continuing 78 
process, has recently led to homogenization of the fish fauna and coexistence of 79 
native and non-native species in several southern European basins (Clavero and 80 
Garcia-Berthou 2006; Gherardi et al. 2007; Kottelat and Freyhof 2007). In 81 
particular, the Italian peninsula has experienced the introduction of several non-82 
native fish species since the Roman and Middle Ages. During the 1800s, stocking 83 
of water bodies with new fish species became a widespread practice with the 84 
purpose of enhancing the production of commercially valuable fish species and, 85 
later, species of angling interest. This has resulted in a local shift from salmonids 86 
and coregonids to centrarchids and, more recently, cyprinids (Bianco 1998; 87 
Gherardi et al. 2007). 88 
 89 
Common bream (Abramis brama) (hereafter bream) is native in most European 90 
drainages, from parts of the U.K. in the west to the White Sea basin in the east, 91 
but it is naturally absent from the Iberian peninsula, the Adriatic basin, Italy, 92 
northern and western parts of the British Isles and north of 67°N. However, in 93 
recent decades, this cyprinid has been introduced to Spain and Italy (Benejam et 94 
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al. 2005; Kottelat and Freyhof 2007). Although both adaptable and tolerant to 95 
different kinds of water bodies (e.g. Jeppesen et al. 2006; Lapirova and Zabotkina 96 
2010), this potentially large-bodied fish prefers meso-eutrophic shallow lakes with 97 
a dense vegetated area or reed belt around the shoreline (Lammens et al. 2004; 98 
Mehner et al. 2005; Kottelat and Freyhof 2007). It is a zoobenthivorous species 99 
(Lammens and Hoogenboezem 1991; Persson and Brönmark 2002) and is in some 100 
cases known to have a significant negative effect on the water quality in shallow 101 
lakes (Tatrai et al. 1990; Breukelaar 1994; Vanni 2002). The potential to exert 102 
adverse effects on lake food webs and ecosystem functioning operates through at 103 
least two mechanisms: i) through a reduction the abundance of large zooplankton 104 
followed by increased phytoplankton abundance (top-down mechanism) (Brooks 105 
and Dodson 1965; Shapiro et al. 1975; Carpenter et al. 1985; Benndorf et al. 106 
2002) and, ii) through increased nutrient cycling due to an increased excretion rate 107 
at the community scale and the disturbance of bottom sediments through 108 
‘bioturbation’ (Meijer et al. 1990; Vanni 2002, Verant et al. 2007) favouring 109 
phytoplankton growth (bottom-up mechanism). Furthermore, bream often has a 110 
pronounced migratory behaviour (e.g. Schulz and Berg 1987; Borcherding et al. 111 
2002; Skov et al. 2011) and may consequently move considerable distances to 112 
other lakes within a river system. Finally, although often attaining large individual 113 
sizes, this species may also develop stunted high density populations becoming 114 
locally abundant, with potential negative consequences both within and beyond 115 
the local fish community due to competition for food resources (Van de 116 
Wolfshaar et al. 2006; Persson et al. 2007) or hybridization (Hayden et al. 2010). 117 
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In combination, these features make bream a potentially effective and highly 118 
undesirable invader of southern European waters. 119 
 120 
The introduction history of bream in Italy began as recently as the 1980s 121 
(Delmastro 1983; Marconato et al. 1985). Its distribution is still scattered and in 122 
running waters it is currently limited to a few small stretches of slow-flowing 123 
rivers and canals in the eastern part of the north-eastern lowlands, and to the main 124 
rivers Arno (Tuscany region) and Tevere (Latium region) in central Italy (Mancini 125 
et al. 2005). Its presence in lentic waters is known to be confined to only three 126 
lakes belonging to different catchments but with similar limnological 127 
characteristics: Lake Monticolo Grande (Trentino Alto-Adige Region, Adige river 128 
drainage), Lake Fimon (Veneto Region, Tagliamento river Drainage) and Lake 129 
Montorfano (Lombardy Region, river Po catchment). These three lakes are 130 
shallow (max depth < 9 m), small (area <1 km2), range from mesotrophic to 131 
eutrophic (TP between 20 and 60 μg L-1) and have a dense vegetated area or reed 132 
belt around the shoreline. 133 
 134 
Most studies on the biology and ecology of bream have been undertaken in 135 
temperate-cold regions of Europe (Slooff and De Zwart 1982; Kangur 1996; 136 
Specziar et al. 1997; Persson and Hansson 1999; Lammens et al. 2004), while the 137 
knowledge of bream populations in southern European and Mediterranean 138 
countries is very scarce (Treer et al. 2003; Benejam et al. 2005). This is 139 
particularly true for Italian lakes. Hence, an understanding of the life-history 140 
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features of non-native bream combined with knowledge of the environmental state 141 
before and after introduction is essential to the assessment of its possible effects 142 
on the ecosystem functioning of lacustrine environments. Such knowledge may 143 
also help lake managers to decide on appropriate strategies to be implemented to 144 
improve the health of fish communities and the water quality (Mehner et al. 2004, 145 
Ribeiro et al. 2008). 146 
 147 
In this study we describe the population biology and life-history traits of a bream 148 
population introduced to Lake Montorfano in northern Italy and we examine the 149 
effects of this invasion on the lake ecosystem using a dataset comprising abiotic 150 
and biotic information from before and after the introduction. Finally, we propose 151 
measures to control this invasive species and improve the ecological status of 152 
Lake Montorfano. 153 
 154 
2. MATERIAL AND METHODS 155 
 156 
2.1  Study site 157 
 158 
Lake Montorfano (45°47′N, 9°08′E) is a small (0.51 km2) shallow (maximum 159 
depth 6.8 m, mean depth 4.15 m) and wind-protected lake located in northern Italy 160 
(Lombardy region, Como district) at an altitude of 397 m a.s.l. It is naturally 161 
oligo-mesotrophic and fed by underground waters and its outlet is partly regulated 162 
by a very small weir immediately adjacent to the lake. There are no significant 163 
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point sources of pollution as sewage was diverted in the 1980s and is now 164 
collected and brought to a treatment plant discharging into its outlet. 165 
The native fish assemblage was described by Monti (1864) as including eight 166 
species: bleak (Alburnus arborella), common carp (Cyprinus carpio), Padanian 167 
goby (Padogobius martensi), Italian roach “triotto” (Rutilus aula), pike (Esox 168 
lucius), perch (Perca fluviatilis), rudd (Scardinius erythrophthalmus) and tench 169 
(Tinca tinca). Largemouth bass (Micropterus salmoides) and pumpkinseed 170 
(Lepomis gibbosus) were stocked during the 1930s (de Bernardi et al. 1985).  171 
 172 
2.2 Fish sampling 173 
 174 
Fish sampling was carried out from 18 to 20 October 2010 using benthic multi-175 
mesh survey gill nets (Appelberg et al. 1995) and electrofishing. Each net was 30 176 
m long and 1.5 m high and composed of twelve panels with mesh sizes ranging 177 
from 5.5 mm to 55 mm and each 2.5 m long). In addition, further panels with 178 
mesh sizes of 70, 90, 110 and 135 mm (same length as the other panels) were 179 
added to three of the nets in order to catch potentially larger fish. In total 16 gill 180 
nets were distributed randomly within three different depth strata (0 to 3 m, 3 to 6 181 
m, 6 m to bottom) on two consecutive days of sampling. On the first day 182 
additional larger mesh sizes were added to one net for each depth stratum. Nets 183 
were set at dusk between 18:00 and 19:00 and retrieved the following morning 184 
between 07:00 and 08:00. The fish collected were all individually measured (total 185 
length, LT), weighed (total body mass, WT) and scales were taken for age 186 
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determination. The distribution of fish in the littoral area was further evaluated by 187 
electrofishing from a boat. The electrofishing device was a built-in-frame 188 
EL64GII (Scubla Acquaculture, 7000 W, 600 V, DC current) set up with a copper 189 
cathode (width 2.5 cm, length 300 cm) and with a steel ring anode (thickness 0.8 190 
cm, diameter 50 cm). The Point Abundance Sampling Electrofishing (PASE) 191 
method (Copp and Garner 1995) was used, in which the anode is dipped for 20 192 
seconds at each sampling point. A total of 99 points was sampled. The stunned 193 
fish were measured (total length LT); rarer species were also weighed (WT), and 194 
scales were taken for age determination. 195 
 196 
The ages of the fish were determined by scale analysis on a subsample of ca. 150 197 
specimens of each species randomly selected among the entire catch, with 1 June 198 
being selected as the nominal birth date for the bream. Age was expressed in 199 
months. Sexual maturity was determined by gonadal inspection on a subsample of 200 
100 specimens. Additionally, digestive tracts of 50 bream, randomly selected and 201 
ranging in length between 8 cm to 28 cm, were removed and stored separately in 202 
5% formaldehyde for subsequent diet examination and analysis as described 203 
below. 204 
 205 
2.3 Fish data analysis 206 
 207 
Catch per unit effort (CPUE) for nets was assessed with respect to net area and 208 
calculated as biomass per unit effort (BPUE, g m-2) and number per unit effort 209 
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(NPUE, individuals m-2). CPUE for electrofishing was calculated as NPUE 210 
(individuals dip-1). 211 
 212 
The body mass-length relationship was calculated using the equation: 213 
 214 
bLaW ×=   215 
 216 
logarithmically transformed into the equation: 217 
 218 
( ) ( ) ( ) bLLogaLogWLog T ×+=  219 
 220 
where W is body mass (g) and LT total length, a and b are the intercept and the 221 
slope of the regression. 222 
 223 
Length-at-age data were used to estimate the parameters of the Von Bertalanffy 224 
(1938) growth function (VBGF) according to the equation: 225 
 226 
)1( )( 0ttkT eLL
−−
∞ −=  227 
 228 
where LT is total length of the fish at time t, L∞ is the theoretical maximum length 229 
an average fish could achieve, k is the growth constant which determines how fast 230 
the fish approaches L∞, and t0 is the hypothetical age at LT  = 0. 231 
 232 
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The Φ' Phi'-prime index (Pauly and Munro 1984) was used to compare the growth 233 
performance of bream with those of other populations described in the literature 234 
according to the equation: 235 
 236 
( ) ( )∞+=Φ LLogkLog 2'  237 
 238 
where k and L∞ are parameters of the VBGF. 239 
 240 
Mean length at maturity Lm for pooled sexes was estimated from L∞ according to 241 
the equation (Froese and Binholan 2000): 242 
 243 
( ) )0781.0898.0(10 −∞= LLogmL  244 
 245 
where Lm  is the theoretical average length at which the fish could have its first 246 
reproduction and L∞ is the asymptotic length calculated by the VBGF.  247 
 248 
Additionally, a logistic regression was used to fit sigmoid curves to the proportion 249 
of mature fish vs. length. 250 
 251 
Total instantaneous mortality (Z) was estimated from the linearized catch curve 252 
(Sparre and Venema 1988) using fish captured with multi-mesh survey gill nets 253 
using the following equation: 254 
 255 
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bta
t
NLog +=⎟⎠
⎞⎜⎝
⎛
Δ  256 
 257 
where N is the number of fish of age t, a and b are estimated through linear 258 
regression analysis; b, with sign changed, is an estimate of total instantaneous 259 
mortality Z. 260 
 261 
The natural mortality rate M was estimated using the empirical equation of Pauly 262 
(1980), which provides an estimate of M on the basis of L∞ and k of the VBGF 263 
and the annual mean water temperature (see below for local data source) 264 
according to the equation: 265 
 266 
( ) ( ) )(4634.0)(6543.0279.00066.0 TLogkLogLLogMLog ++−−= ∞  267 
 268 
where L∞ is the ultimate length an average fish could achieve, k is the growth 269 
constant of the VBGF, and T is the mean annual water temperature.  270 
 271 
2.4 Fish diet analyses 272 
 273 
Digestive tracts were opened and their contents dried for 15 minutes on blotting 274 
paper. The food items were identified under a stereomicroscope as close as 275 
possible to the genus or species level. Benthos and zooplankton were identified 276 
according to Campaioli et al. (1994) and Margaritora (1983), respectively. 277 
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 278 
Diet analysis was accomplished using Costello’s method (Costello, 1990) which 279 
is based on a two dimensional representation of the diet, where every point 280 
represents, for each prey, the occurrence (the percentage ratio between the number 281 
of stomachs where the prey is found and the total number of stomachs) and the 282 
abundance (the ratio between the number of organisms into the stomach and the 283 
total number of prey). With this method it is possible to assess the importance of 284 
the prey in the diet (dominant or rare) and the type of diet (specialized or 285 
generalized). 286 
 287 
 288 
2.5 Sampling and analyses of chemical, physical and biological elements 289 
 290 
The limnological characteristics of Lake Montorfano have been determined 291 
monthly in a number of years during the last two decades (1991 to 1992, 1998 to 292 
1999, and 2004 to 2007) as a part of a monitoring programme carried out by the 293 
University of Milan. Sampling was performed at a central location at the lake site 294 
with maximum depth. Water samples for chemical analysis were taken monthly 295 
using Van Dorn bottles at the following depths: 0 m, 1 m, 2 m, 4 m, and 6 m. The 296 
samples were transferred to the laboratory for immediate analysis. Secchi disk 297 
depth, temperature and dissolved oxygen were measured in situ. Temperature and 298 
oxygen concentrations were determined with an automatic oxygen sensor coupled 299 
with a thermistor probe (Microprocessor Oximeter WTW OXI 320).  300 
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 301 
The following parameters were measured in the laboratory: pH (pH meter 302 
Radiometer PHM 83), conductivity (conductimeter Radiometer CDM 83), total 303 
phosphorus (Valderrama 1981), nitrate nitrogen (Rodier 1984), silica (APHA 304 
1985) and Chlorophyll a (Lorenzen 1967). 305 
 306 
Phytoplankton were sampled monthly at six depths in the 0 to 6 m layer and 307 
pooled, from which a subsample was fixed in acetic Lugol's solution and later 308 
counted under an inverted microscope (see Leoni et al. 2007). The guidelines of 309 
Bourrelly (1968, 1970, 1972) and Huber-Pestalozzi (1983) were used to identify 310 
the algae, mostly to species level. At least 200 individuals of the most abundant 311 
species were counted, with a counting error of about 15% (Lund et al. 1958). The 312 
cell volume for each species was estimated according to Rott (1981). 313 
 314 
Zooplankton were sampled using a net of 25 cm diameter and 200 μm mesh size. 315 
Sampling was performed along a vertical gradient to a depth of 6 m; three samples 316 
were taken at each point along the gradient after which the filtered material was 317 
mixed and preserved in 4% formalin. The taxa present in the lake were identified 318 
using Dussart (1969), Margaritora (1983), Amoroso (1984), and Reddy (1994) 319 
and counted with an optical microscope. 320 
 321 
2.6 Statistics 322 
 323 
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Differences in the series of limnological features of Lake Montorfano were tested 324 
using one-way ANOVA. If data were not normally distributed, the non-parametric 325 
Kruskal-Wallis test was used. If significant differences were detected within a 326 
series, appropriate multiple comparison procedures (Holm-Sidak method 327 
following ANOVA and Dunn’s method following Kruskall-Wallis test, with 328 
significance at p level = 0.05) were used to detect differences among groups. The 329 
Mann Whitney test was used if only two groups were initially present. Variability 330 
of the data was expressed as standard deviations. Statistical analyses were all 331 
performed using Sigma Plot statistical package (version 11, Systat software). 332 
 333 
3. RESULTS 334 
 335 
3.1 Fish 336 
 337 
Results of the fish sampling are presented in Table 1. In all 3,867 individuals 338 
belonging to nine fish species were caught. By numbers, bream comprised 62% , 339 
followed by pumpkinseed (19%), perch (12%) and rudd (5%). Captures of pike, 340 
largemouth bass, tench and Italian roach were very infrequent (2% overall). 341 
 342 
BPUE of the gill nets ranged from 2.7 g m-2 to 99.3 g m-2 (mean = 55.9 ±27.1 g m-343 
2) and NPUE from 0.02 to 6.15 ind. m-2 (mean = 3.1 ±1.9 g m-2). No fish were 344 
captured in the additional larger mesh sizes. NPUE of electrofishing ranged from 345 
1 to 290 ind. dip-1 (mean= 17.6 ±34.0 ind. dip-1). 346 
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 347 
Bream dominated the gillnet catches by both biomass and numbers (Tab. 1) at all 348 
depths (Fig. 1a,b) whilst the pumpkinseed was the most abundant species in the in 349 
the electrofishing catches of the littoral zone (Tab. 1). 350 
 351 
Bream population characteristics 352 
 353 
BPUE of bream in the gill nets ranged from 2.7 to 73.2 g m-2 (mean=41.3 ±20.4 g 354 
m-2) and NPUE from 0.02 to 3.95 ind m-2 (mean=2.1 ±1.1 ind m-2). Total length of 355 
the bream caught with gill nets (Fig. 2a) ranged from 5.2 to 31.5 cm (mean 11.0 356 
±4.0 cm) and total body mass was on average 20.2 g (±32.8 g). Average size 357 
increased significantly with water depth (ANOVA F= 4.215, d.f.= 2, p=0.033), 358 
and the largest fish was thus captured in the deepest lake stratum (Fig. 2b). 359 
 360 
In the littoral zone, bream was very scarce with an average NPUE of 0.17 ±1.41 361 
ind dip-1. Mean body length of the bream caught by electrofishing was 8.9 cm 362 
(±0.7 cm). 363 
 364 
A total of six age classes was identified, i.e. 0 to 5 years. Calculated asymptotic 365 
length L∞ was 33.5 cm (±0.93 cm C.I.95%), and the growth curve parameter k was 366 
0.037 (±0.003 C.I95%). Length-at-age is shown in Fig. 2c. 367 
 368 
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The body mass-length relationship for both sexes pooled and log-log transformed 369 
was described by the following equation: 370 
 371 
( ) 984.1984.2)( −= TT LLogWLog (n = 1287, R2 = 0.982, p <0.001). 372 
 373 
The calculated mean length at maturity Lm was 19.6 cm (C.I.95%. = 18.1 - 21.2 374 
cm), higher than the Lm (14.30 ±0.92 cm, C.I. 95%) calculated using the logistic 375 
regression fitted to our data (Fig. 1d). As different proportions of male and 376 
females occurred in the two samples differences in length are also likely to occur, 377 
but both samples strongly indicate early maturity. Estimates of natural mortality 378 
M and total mortality Z were similar (0.61 y-1 and 0.64 y-1, respectively), 379 
suggesting a negligible fishing pressure. 380 
 381 
3.1 Bream diet 382 
 383 
The contents of digestive tracts consisted entirely of microcrustaceans and rotifers 384 
(Fig. 3). The diet of the bream was strongly specialized, chydorids being the most 385 
frequent and abundant food item occurring in all the digestive tracts and 386 
accounting for an average of ca. 62% in terms of numbers. Bosmina sp. was also 387 
important although not evenly found in the stomachs. Sediment was present in 388 
most of the digestive tracts but was not quantitatively measured. 389 
 390 
3.2 Chemical, physical and biotic limnological data 391 
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 392 
From 1991 to 1999 Secchi depth values were relatively uniform (Dunn’s method, 393 
p>0.05) but they decreased significantly during the 2000s (Dunn’s method, 394 
p<0.05), ranging from 2.1 m to 6.1 m (median= 3.9 ±1.1 m) up to 1999 and from 395 
1.2 to 4.0 m (median=2.1 ±0.7 m) in the two periods, respectively (Fig. 4a). Total 396 
phosphorus concentrations in the whole water column increased significantly in 397 
the 2000s (Holm-Sidak p<0.05), ranging between 8 and 29 μg L-1 (median= 12 398 
±13 μg L-1) up to 1999 and 14 to 34 μg L-1 (median= 22 ±7 μg L-1) in the 399 
following decade (Fig. 4b). The same trend was observed for total nitrogen (Fig. 400 
4c) and ammonium (Fig. 4d). Total nitrogen never exceeded 800 µg L-1 in the 401 
1990s (median=563 ±104 μg L-1) being lower than in the 2000s (Dunn’s method 402 
p<0.05) when they remained higher than 800 μg L-1 (median=1151 ±265 μg L-1) 403 
and reached values as high as 1600 μg L-1. The ratio between total phosphorus 404 
and total nitrogen in the whole water column did not change (Kruskal-Wallis, 405 
p=0.108 and p=0.163 respectively), but in the deeper layer (4 to 6 m) it increased 406 
significantly (Dunn’s methods p<0.05) from 33.9 in the 1990s to 45.5 in the 407 
2000s. Ammonium (Fig. 4d) in the water column was always lower than 400 mg 408 
L-1 (median= 53 ±128 mg L-1) in the 1990s and increased significantly in the 409 
2000s (Dunn’s method, p<0.05), when values rose up to 1000 mg L-1 (median= 410 
297 ±330 mg L-1). However, in the deeper layers (4 to 6 m), ammonium had 411 
already increased in the late 1990s (Dunn’s method p<0.05). Differences in 412 
oxygen concentrations in the whole water column were not significant among the 413 
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three periods (Kruskal-Wallis, p=0.637), but from 2004 to 2007 anoxic conditions 414 
at the bottom of the lake persisted for longer periods in summer (Fig. 4e). 415 
 416 
Biotic variables also underwent important changes during the study period. In 417 
particular, phytoplankton density increased showing a shift towards more 418 
Cyanobacteria (dominated by globular jelly species such as Gomphosphaeria 419 
spp., Chroococcus spp., Aphanotece spp., Aphanocapsa spp, Microcystis spp. and 420 
filamentous species such as Anabaena sp.) increasing particularly in the late 421 
1990s (Dunn’s method p<0.05) (Fig. 4f). Among the Cyanobacteria, Aphanotece 422 
spp. was most abundant. Additionally, chrysophytese and dinophytes increased 423 
significantly in the 2000s (Dunn’s method, p<0.05), whilst diatoms, criptophytes 424 
and chlorophytes, did not exhibit any significant change (Kruskal-Wallis, p>0.05). 425 
Chlorophyll a concentrations did not change significantly between the two periods 426 
(Kruskal-Wallis, p=0.107) (Fig. 4g). 427 
 428 
Overall, zooplankton abundance increased markedly, being higher in the 2000s 429 
than in the 1990s (Mann-Whitney, U=6.000, p=0.001, d.f.=1) (Fig. 4h). Among 430 
cladocerans, the large-bodied Daphnia sp. did not show any significant change 431 
(Mann Whitney U=27.0, p=0.267, d.f.=1), but the small-bodied herbivores 432 
(Bosmina longirostris and Ceriodaphnia) (Fig. 4i) increased significantly (Mann-433 
Whitney U=4.0, p<0.001, d.f.=1) as did the proportion of small cladocerans 434 
(Mann Whitney Mann Whitney, U=16.0, p=0.007, d.f.=1). Cyclopoids dominated 435 
among the copepods and increased notably between the 1990s and 2000s (Mann-436 
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Whitney U=12.0, p=0.005, d.f.=1). Calanoids appeared only at the end of 1990s 437 
(Fig. 4j).  438 
 439 
4. DISCUSSION 440 
 441 
Although zooplanktivorous cyprinid fishes such as rudd, bleak and Italian roach 442 
dominate the native fish assemblage of most Italian natural shallow lakes (Volta et 443 
al. 2011), substantial changes have been recorded in recent decades. These have 444 
included an increase in the number of alien zoobenthivorous species such as 445 
bream, roach (Rutilus rutilus) and ruffe (Gymnocephalus cernuus) (e.g. Gherardi 446 
et al. 2007; Volta and Jepsen 2008; Lorenzoni et al. 2009, Ciutti et al. 2011). Lake 447 
Montorfano is no exception to this pattern and its fish community now consists of 448 
a mixture of native and non-native species. How bream was introduced to the lake 449 
is unknown, although accidental introduction as live bait is a probable explanation 450 
as has been concluded for the recent arrivals of this and similar species in lakes of 451 
isolated regions of Europe (e.g. Winfield et al. 2011). At the time of the 452 
appearance of bream in Lake Montorfano in the late 1990s, fishing regulations 453 
concerning the use of live bait and its translocation from different catchments 454 
were inadequate and did not take into account the seriousness of threats posed by 455 
non-native species. The major limnological characteristics of the lake, such as its 456 
meso-eutrophic status, a mean depth of ca. 4 m and a dense reed belt, are very 457 
favourable for bream existence (Mehner et al. 2005; Kottelat and Freyhof 2007). 458 
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Consequently, is not surprising that its introduction has resulted in the 459 
establishment of a viable population. 460 
 461 
Individuals larger than 35 cm were not captured in our sampling campaign even 462 
though the mesh sizes of the nets used could potentially catch such individuals 463 
(Psuty and Borowski 1997). According to Živkov et al. (1999), the growth of 464 
bream in Lake Montorfano can be classified as ’type b‘ (25.5cm < L∞ < 59.0cm), 465 
indicating a stunted population. Accordingly, the ‘Phi’ value is notably lower than 466 
for other bream populations (Tab. 2), indicating low growth performance of the 467 
individuals in Lake Montorfano. Stunted bream populations have previously been 468 
reported in the literature and, in shallow and small lakes, are often associated with 469 
very high fish densities (Cazemier 1982; Kottelat and Freyhof 2007). The bream 470 
population of Lake Montorfano occurred at all depths, apparently tending to avoid 471 
very shallow waters (< 1m) although caution must be taken when comparing 472 
catches by gill nets set overnight and daytime electrofishing. However, our results 473 
are consistent with those of other studies, indicating that bream inhabits mainly 474 
offshore habitats, independently of trophic status (Jeppesen et al. 2006). 475 
 476 
The present diet analyses showed specialization of bream on chydorids, which are 477 
typically bottom dwelling microcrustaceans, and on small cladocerans, but less on 478 
large cladocerans. Also, sediments were found in the digestive tracts, indicating a 479 
tendency to feed close to the bottom. An increase in the proportion of small 480 
cladocerans among the zooplankton, however, indicates higher predation pressure 481 
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in the pelagic (Brooks and Dodson 1965; Gliwicz 2003), perhaps as other fish are 482 
forced to stay more in the pelagic zone. However, large daphnids were still 483 
abundant suggesting that any enhancement of top-down control by fish was 484 
relatively weak, as also observed in the shallow eutrophic Lake Balaton (Tatrai et 485 
al. 1990). Other studies (e.g. Jeppesen et al. 1997a; Jeppesen et al. 1997b), 486 
however, indicate strong top-down control by zoobenthivorous fish in shallow 487 
lakes, except for those rich in aquatic vegetation. 488 
 489 
Whilst a top-down effect by bream on the food web of Lake Montorfano was 490 
apparently relatively weak, a clear bottom-up effect was evident. Despite the fact 491 
that the external nutrient loading levels are now low (Buzzi pers. com.), 492 
significant increase in nutrient concentrations (both P and N) has occurred in 493 
recent years. In addition, enhanced ammonium concentrations were first recorded 494 
in the deeper water strata, subsequently followed by an increase through the 495 
whole water column. Zoobenthivorous fish constitute an important link between 496 
the pelagic and the benthic parts of lake ecosystems, in part because their feeding 497 
close to the bottom disturbs sediments and so releases nutrients into the water 498 
column (Andersson et al. 1988; Breukelaar et al. 1994). Nutrient release via fish 499 
excretion constitutes a further indirect pathway from the benthic to the pelagic 500 
zones that can be exacerbated in cases of high fish densities (Vanni et al. 2002; 501 
Verant et al. 2007). As nutrient concentrations increased in Lake Montorfano, 502 
phytoplankton abundance also increased. In addition, the algae community shifted 503 
to Cyanobacteria, dominated by Aphanotece spp. and Anabaena spp., which are 504 
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able to fix nitrogen under anoxic conditions. Increase in contribution of 505 
cyanobacteria may further have reduced zooplankton grazing on phytoplankton 506 
(Gliwicz 2005). 507 
 508 
Macrophyte coverage in Lake Montorfano showed a major decrease following the 509 
establishment of the bream population. Two surveys carried out in the 1980s 510 
(Provincia di Como 1985) and late 1990s (Garibaldi, data unpublished) described 511 
an aquatic vegetation characterized by six submerged species (Ceratophyllum 512 
demersum, Myriophyllum spicatum, Najas marina, Potamogeton pusillus, P. 513 
lucens, P. perfoliatus) and two floating-leaved species (Trapa natans, Nynphaea 514 
alba). In contrast, the early 2000s were characterized by an almost complete loss 515 
of submerged macrophytes, the aquatic vegetation (from shoreline to the middle 516 
of the lake) being composed of Phragmites australis and Typha latifolia, T. 517 
natans, N. alba and rare stands of Ceratophyllum demersum (Bianchi et al. 2000; 518 
Volta pers. obs.). This development is not surprising as vegetation is quickly lost 519 
when a critical turbidity is exceeded (Scheffer et al. 1993). 520 
 521 
The changes in the limnological features of Lake Montorfano were moreover 522 
accompanied by significant changes in the fish fauna’s composition. The fish 523 
community had remained stable until the beginning of the 1990s, being dominated 524 
by open water zooplanktivorous fish such as rudd, bleak and Italian roach (de 525 
Bernardi 1985). A survey undertaken in the early 1990s (Negri 1995) reported the 526 
following abundance percentages (based on numbers) for catches in multimesh 527 
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gillnets: rudd (68%), perch (13%), largemouth bass (11%), tench (3%) and 528 
pumpkinseed (3%), other species including small cyprinids (2%). In this early 529 
1990s survey, however, the mesh sizes of the nets were too large to capture small 530 
fish (smallest mesh size 18 mm) and a negative bias towards small pelagic 531 
cyprinids should therefore be taken into account. Our results indicate a substantial 532 
shift in the fish community from dominance of open water zooplanktivorous 533 
species to dominance of zoobenthivorous such as bream and pumpkinseed. What 534 
triggered the sharp declines in small native cyprinids in Lake Montorfano is 535 
unknown, but the deterioration of the ecological status of the lake might have 536 
played a major role. Grimaldi (1971) reports severe mortality events in bleak 537 
populations of north Italian lakes resulting from eutrophication, and Giussani et 538 
al. (1976) suggested that high levels of ammonium predispose the gill apparatus 539 
of small cyprinids to fungal and bacteria diseases. Hence, the high level of 540 
ammonium occurring in recent years together with longer periods of low oxygen 541 
concentrations may have adversely affected the populations of small cyprinids in 542 
the lake. As Hayden et al. (2010) reported that bream has a high potential for 543 
hybridization with roach (Rutilus rutilus) (F bream x M roach), it could be argued 544 
that small cyprinids declined due to hybridization with bream.  545 
 546 
At present, there is an apparently negligible predation pressure on bream in Lake 547 
Montorfano. Non-native largemouth bass and pike are the only significant 548 
piscivorous predators in the lake because perch are on average very small (Table 549 
1). In the present study, only adult specimens of largemouth bass were observed 550 
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and the catch of only a few small specimens indicates weak reproductive success 551 
and recruitment. Compared with the survey of Negri (1995) in the early 1990s, the 552 
abundance of largemouth bass has declined markedly. This in agreement with 553 
studies showing that in shallow lakes or ponds high densities of zoobenthivorous 554 
fish (Wolfe et al. 2009) or bluegills (Lepomis macrochirus) (Guy and Willis 1990; 555 
Brenden and Murphy 2004) can adversely affect largemouth bass populations by 556 
predation on eggs or by food competition at juvenile stages. Moreover, pike 557 
density in Lake Montorfano is low compared to other small, shallow lakes (Snow 558 
1978; Margenau et al. 1998; Margenau et al. 2008). As bream population control 559 
through predation or fishing is weak, the number of bream in the lake is unlikely 560 
to decrease significantly in the near future. Biomanipulation by the removal of 561 
large amounts of bream from offshore waters (e.g. Søndergaard et al. 2007) can be 562 
used as a management tool to improve water quality and promote piscivorous 563 
predator recovery (de Roos and Persson 2002; de Roos et al. 2003; Persson et al. 564 
2007). Substantial stocking of young of the year pike from the local stock might 565 
be considered in order to enhance predation on small bream (Berg et al. 1997) and 566 
promote a return to the clear state with extensive macrophytes (Søndergaard et al. 567 
1997), but in most cases the effects of such manipulations in northern Europe has 568 
been poor (Skov et al. 2003, 2007). 569 
 570 
In conclusion, Lake Montorfano has recently shifted towards a more turbid state 571 
with higher nutrient concentrations despite the fact that the external nutrient 572 
loading levels are now stable and low. This environmental deterioration followed 573 
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the introduction and successful establishment of non-native bream in the late 574 
1990s. Furthermore, this cyprinid has recently become the dominant fish species 575 
in the lake. The present study results suggest that bream may have contributed to 576 
the observed changes in the ecological status of the ecosystem via bottom-up 577 
mechanisms, while top-down effects were less apparent. The size structure of the 578 
bream population, characterized by dominance of relatively small specimens, has 579 
probably exacerbated the release of nutrients into the water column. Site-specific 580 
adaptive management, as suggested by Mehner et al. (2004), including control of 581 
the fish community composition and abundance, supplemented perhaps by 582 
stocking of piscivorous fish could be used to improve the ecological status of the 583 
lake. 584 
 585 
Acknowledgments 586 
 587 
P. Volta (PV), Erik Jeppesen (EJ), Torben L. Lauridsen (TLL) and Ian J. Winfield 588 
were funded by WISER (Water bodies in Europe: Integrative Systems to assess 589 
Ecological status and Recovery) financed by the European Union under the 7th 590 
Framework Programme, Theme 6 (Environment including Climate Change, 591 
contract No. 226273). PV and P. Sala were also funded by LIFE08 592 
ENV/IT/000413 INHABIT project. EJ and TLL were additionally funded by EU–593 
FP7 project REFRESH, CIRCE, CRES, CLEAR and The Danish Council for 594 
Independent Research: Natural Sciences (272-08-0406). PV and B. Campi were 595 
funded by a grant from ’Fondazione Comunitaria del VCO‘. The authors would 596 
  28
like to thank Mr. Igorio Cerutti for help in the field and laboratory, and Anne 597 
Mette Poulsen for editorial assistance. Many thanks also to Dr. Carlo Romanò 598 
(Como Province, Fishery Office) for providing the sampling permissions at Lake 599 
Montorfano and Dr. A. Negri who provided information on the past fish surveys 600 
in Lake Montorfano. 601 
 602 
REFERENCES 603 
 604 
Amoroso C (1984) Introduction pratique à la systematique des organismes des 605 
aux continentales françaises. 5. Crustaçes cladocères. Extrait du bolletin mensuel 606 
de la Société Limnéne de Lyon, 53° anné, n° 5. Ass Fr Limnol. 607 
 608 
Andersson G, Granéli W, Stenson J (1988) The influence of animals on 609 
phosphorus cycling in lake ecosystems. Hydrobiologia 170:276-284. 610 
 611 
APHA, AWWA, WPCF (1985) Standard Methods for the examination of water 612 
and wastewater. Am. Publ. Health Ass., Washington, USA. 613 
 614 
Appelberg M, Berger HM, Hesthagen T, Kleiven E, Kurkilahti M, Raitaniemi J, 615 
Rask M (1995) Development and intercalibration of methods in Nordic freshwater 616 
fish monitoring. Wat Air Soil Poll 85:401-406. 617 
 618 
 619 
  29
Benejam L, Carol J, Alcaraz C, Garcìa-Berthou E, (2005) First record of the 620 
common bream (Abramis brama) introduced to the Iberian Peninsula. Limnetica 621 
24:273-274. 622 
 623 
Benndorf J, Böing, W, Koop J, Neubauer I (2002) Top-down control of 624 
phytoplankton: the role of time scale, lake depth and trophic state. Freshwater 625 
Biol 47:2282–2295. 626 
 627 
Berg S, Jeppesen E, Søndergaard M (1997) Pike (Esox lucius L.) stocking as a 628 
biomanipulation tool 1. Effects on the fish population in Lake Lyng, Denmark. 629 
Hydrobiologia 342/343:311-318. 630 
 631 
Bianchi M., Garibaldi L, Paolini I, Muntau H (2000) Il lago di Montorfano 632 
(Como). Condizioni attuali ed evoluzione trofica valutata sulla base della qualità 633 
dei sedimenti. Environment Institute European Commission, EUR 19560 IT. 634 
 635 
Bianco PG (1998) Freshwater fish transfers in Italy: history, local changes in fish 636 
fauna and a prediction on the future of native populations. In: Stocking and 637 
introduction of fish. I.G. Cowx (ed.), Fishing News Books, Oxford. 638 
 639 
Biro P (1997) Temporal variation in Lake Balaton and its fish populations. Ecol 640 
Freshw Fish 6:196-216. 641 
 642 
  30
Bollache L, Dick JTA, Farnsworth KD, Montgomery WI (2008) Comparison of 643 
the functional responses of invasive and native amphipods. Biol Lett 4:166-169. 644 
 645 
Borcherding J, Bauerfeld M, Hintzen D, Neumann D (2002) Lateral migrations of 646 
fishes between floodplain lakes and their drainage channels at the Lower Rhine: 647 
diel and seasonal aspects. J Fish Biol 61:1154–1170. 648 
 649 
Bourrelly P (1968) Les algues d'eau douce. II. Initiation à la Systematique. Les 650 
algues jaunes et bruns. In: N. Boubee and Cie, Paris. 651 
 652 
Bourrelly P (1970) Les algues d'eau douce. III. Initiation à la Systematique. Les 653 
algues bleues et rouges. In: N. Boubee and Cie, Paris. 654 
 655 
Bourrelly P (1972) Les algues d'eau douce. I. Initiation à la Systematique. Les 656 
algues vertes. In: N. Boubee and Cie, Paris. 657 
 658 
Brenden TO, Murphy BR (2004) Experimental assessment of age-0 largemouth 659 
bass and juvenile bluegill competition in a small impoundment in Virginia. N Am 660 
J Fish Manag 24:1058-1070. 661 
 662 
Breukelaar AW, Lammens EHRR, Breteler IGPK, Tatrai I (1994) Effects of 663 
benthivorous bream (Abramis brama) and carp (Cyprinus carpio) on sediment 664 
  31
resuspension and concentrations of nutrients and chlorophyll a. Freshwater Biol 665 
32:113-121. 666 
 667 
Britton JR, Davies GD, Harrod C (2010) Trophic interactions and consequent 668 
impacts of the invasive fish Pseudorasbora parva in a native aquatic food web: a 669 
filed investigation in UK. Biol Inv 12:1533-1542. 670 
 671 
Brooks JL, Dodson SI (1965) Predation, Body size and composition of 672 
zooplankton. Science 150:28-35. 673 
 674 
Byers JE (2002) Impact of non indigenous species on natives enhanced by 675 
anthropogenic alteration of selection regimes. Oikos 97:449-458. 676 
 677 
Cambray JA (2003) Impact on indigenous species biodiversity caused by the 678 
globalisation of alien recreational freshwater fisheries. Hydrobiologia 500:217-679 
230. 680 
 681 
Campaioli S., Ghetti P.F., Minelli a. & Ruffo S. 1994. Manuale per il 682 
riconoscimento dei macroinvertebrati delle acque dolci italiane. Provincia 683 
autonoma di Trento, Trento, 357 pp. 684 
 685 
Carpenter SR, Kitchell JF, Hodgson JR (1985) Cascading trophic interactions and 686 
lake productivity. Bioscience 35:634-639. 687 
  32
 688 
Cazemier WG (1982) The growth of bream (Abramis brama L.) in relation to 689 
habitat and population density. Hydrobiol Bull 16:269-277. 690 
 691 
Ciutti F, Beltrami LE, Confortini I, Cianfanelli S, Cappelletti E (2011) Non 692 
indigenous invertebrates, fish and macrophytes in Lake Garda (Italy). J Limnol 693 
70:315-320. 694 
 695 
Clavero M, Garcia-Berthou E (2006) Homogenization dynamics and introduction 696 
routes of invasive freshwater fish in the Iberian peninsula. Ecol Appl 16:2313-697 
2324. 698 
 699 
Copp GH, Garner P (1995) Evaluating the microhabitat use of freshwater fish 700 
larvae and juveniles with point abundance sampling by electrofishing. Folia Zool 701 
44:145-158. 702 
 703 
Costello MJ (1990) Predator feeding strategy and prey importance: a new 704 
graphical analysis. J Fish Biol 36:261-263. 705 
 706 
De Bernardi R, Giussani G, Guilizzoni P, Mosello R (1985) Indagine conoscitiva 707 
per una caratterizzazione limnologica dei “piccoli Laghi Lombardi”. Documenta 708 
Ist Ita. Idrobiol 8. 203pp. 709 
 710 
  33
Delmastro GB (1983). I Pesci del Bacino del Po, Edizioni Clesav-CittàStudi, 711 
Milano. 712 
 713 
de Roos AM, Persson L (2002) Size-dependent life-history traits promote 714 
catastrophic collapses of top predators. Proc Natl Acad Sci 99:12907-12912. 715 
 716 
de Roos AM, Persson L, Thieme HR (2003) Emergent Allee effects in top 717 
predators feeding on structured prey populations. Proc R Soc 270:611-618. 718 
 719 
Dussart BH (1969) Les Copepodes des eaux continentales. 2nd Edition N. Boubée 720 
& Cie, Paris. 721 
 722 
Froese R, Binohlan C (2000) Empirical relationships to estimate asymptotic 723 
length, length at first maturity and length at maximum yield per recruit in fishes, 724 
with a simple method to evaluate length frequency data. J Fish Biol 56:758-773. 725 
 726 
Gherardi F, Bertolino S, Bodon M, Cesellato S, Cianfanelli S, Ferraguti M, Lori 727 
E, Mura G, Nocita A, Riccardi N, Rossetti G, Rota E, Scalera R, Zerunian S, 728 
Tricarico E (2007) Animal xenodiversity in Italian inland waters: distribution, 729 
modes of arrival, and pathways. Biol Inv 10:435-454. 730 
 731 
  34
Giussani G, Borroni I, Grimaldi E (1976) Role of un-ionized ammonia in 732 
predisposing gill apparatus of Alburnus alburnus alborella to fungal and bacterial 733 
diseases. Mem Ist ital Idrobiol 33:161-175. 734 
 735 
Gliwics ZM (2003) Between hazards of starvation and risk of predation the 736 
ecology of offshore animals. Excellence in Ecology 12. International Ecology 737 
Institute in Oldendorf/Luhe, 379pp. 738 
 739 
Gliwicz ZM (2005) Food web interactions: why are they reluctant to be 740 
manipulated ? Verh Internat Verein Limnol 29:73-88. 741 
 742 
Grimaldi E (1971) Episodi di mortalità massiva a carico delle popolazioni di 743 
alborella (Alburnus alborella) dei laghi del Nord-Italia, provocati da una infezione 744 
branchiale sostenuta da miceti del genere Branchiomyces. Riv ital piscic ittiopat, 745 
6:11-14. 746 
 747 
Guy CS, Willis DW (1990) Structural relationships of largemouth bass and 748 
bluegill populations in South Dakota ponds. N Am J Fish Manag 10:338-343. 749 
 750 
Hayden B, Pulcini D, Kelly-Quinn M, O’Grady M, Caffrey G, McGrath A, 751 
Mariani S (2010) Hybridisation between two cyprinid fishes in a novel habitat: 752 
genetics, morphology and life-history traits. Bmc Evol Biol 10:169 753 
 754 
  35
Hewitt GM, 1999. Post-glacial recolonization of European biota. Biol J Linn Soc 755 
68: 87-112. 756 
 757 
Hooper DU, Chapin III FS, Ewel JJ, Hector A, Inchausti P, Lavorel S, Lawton JH, 758 
Lodge D, Loreau M, Naeem S, Schmid B, Setälä H, Symstad AJ, Vandermeer J, 759 
Wardle DA (2005) Effects of biodiversity on ecosystem functioning: a consensus 760 
of current knowledge. Ecol Monographs 75:3-35 761 
 762 
Huber-Pestalozzi G (1983) Das Phytoplankton des Süsswassers. Systematic und 763 
Biologie. Die Binnengewässer. E. Schweizerbart'sche Verlagsbuchhandlung, 764 
Stuttgart. 765 
 766 
Jeppesen E, Lauridsen T, Mitchell SF, Burns C (1997a) Do planktivorous fish 767 
structure the zooplankton communities in New Zealand lakes ? New Zealand J 768 
Mar Freshwat Res 31:163-173. 769 
 770 
Jeppesen E, Jensen JP, Søndergaard M, Lauridsen T, Pedersen LJ, Jensen L 771 
(1997b) Top-down control in freshwater lakes: the role of nutrient state, 772 
submerged macrophytes and water depth. Hydrobiologia 342/343:151-164. 773 
 774 
Jeppesen E, Pekcan-Hekim Z, Lauridsen TL, Søndergaard M, Jensen JP (2006) 775 
Habitat distribution of fish in late summer: changes along a nutrient gradient in 776 
Danish lakes. Ecol Freshw Fish 15:180-190. 777 
  36
 778 
Kangur P (1996) On the biology of bream, Abramis brama (L.) in Lake Peipsi in 779 
1994. Hydrobiologia 338:173-177. 780 
 781 
Kompowski A (1988) Growth rate of bream, Abramis brama (L. 1758), in Lake 782 
Dąbie and the Szczecin Lagoon. Acta Ichtyol Pisc 18:35-48. 783 
 784 
Kottelat M, Freyhof J (2007) handbook of Europena Freshwater Fishes. Kottelat 785 
Publications. Cornol, Switzerland. 646 pp. 786 
 787 
Lammens EHHR, Hoogenboezem W (1991) Diets and feeding behavior. 788 
Cyprinids fishes: Systematics, Biology and Exploitation (Eds Winfield IJ., Nelson 789 
JS), Chapman and Hall, London. pp 353-376. 790 
 791 
Lammens EHHR, Van Nes EH, Meijer ML, Van Den Berg MS (2004) Effects of 792 
commercial fishery on the bream population and the expansion of Chara aspera 793 
in Lake Veluwe. Ecol Mod 3-4:233-244. 794 
 795 
Lapirova TB, Zabotkina EA (2010) Comparative analysis of the indices of 796 
immunophysiological state in bream (Abramis brama (L.)) from parts of the 797 
Rybinsk Reservoir with different extents of pollution. Inland Water Biol 3:181-798 
186. 799 
 800 
  37
Leoni B, Morabito G, Rogora M, Pollastro D, Mosello R, Arisci S, Forasacco E, 801 
Garibaldi L (2007) Response of planktonic communities to calcium hydroxide 802 
addition in an hardwater eutrophic lake: results from a mesocosm experiment. 803 
Limnology 8:121-130. 804 
 805 
Liso S, Gjelland KØ, Reshetnikov YS, Amundsen PA (2011) A planktivorous 806 
specialist turns rapacious: piscivory in invading vendace Coregonus albula. J. 807 
Fish Biol 78:332-337. 808 
 809 
Lorenzen CJ (1967) Determination of chlorophyll and phaeopigments: 810 
spectrophotometric equations. Limnol Oceanogr 12:343-346. 811 
 812 
Lorenzoni M, Pace R, Pedicillo G, Viali P, Carosi A (2009) Growth, catches and 813 
reproductive biology of ruffe (Gymnocephalus cernuus) in Lake Piediluco 814 
(Umbria, Italy). Folia Zool 58:420-435. 815 
 816 
Lund JWG, Kipling C, Le Cren ED (1958) The Inverted Microscope method of 817 
estimating algal numbers and the statistical basis of estimations by counting. 818 
Hydrobiologia 11:143-170. 819 
 820 
Mancini L, Formichetti P, Beltrami ME, Pace G, Marcheggiani S, Della Bella V, 821 
Ciamidaro S, Puccinelli C, D’Angelo AM, Pierdominici E, Bernabei S, Andreani 822 
P, Tancioni L (2005) Studio delle comunità del basso corso del fiume Tevere e dei 823 
  38
suoi principali affluenti sulla base delle indicazioni della WFD 2000/60/CE. Proc 824 
Ital Soc Ecol 16:1-6. 825 
 826 
Marconato A, Maio G, Marconato E (1985) Osservazioni su Abramis brama nel 827 
Lago di Fimon (Vicenza). Natura 76:63-71. 828 
 829 
Margaritora F (1983) Cladoceri (Crustacea: Cladocera). Guide per il 830 
riconoscimento delle specie animali delle acque interne italiane. CNR AQ/1/197. 831 
 832 
Margenau TL, Rasmussen PW, Kampa JM (1998) Factors affecting growth of 833 
northern pike in small northern Wisconsin lakes. N Am J Fish Manag 18:625–834 
639. 835 
 836 
Margenau TL, AveLallemant SP, Giehtbrock D, Schram ST (2008) Ecology and 837 
management of northern pike in Wisconsin. Hydrobiologia 601:111-123. 838 
 839 
Mehner T, Arlinghaus R, Dörner H, Jacobsen L, Kasprzak P, Koschel R, Schulze 840 
T, Wolter C, Wysujack K (2004) How to link biomanipulation and sustainable 841 
fisheries management: a step-by-step guideline for lakes of the European 842 
temperate zone. Fish Manag Ecol 11:261-275. 843 
 844 
  39
Mehner T, Diekmann M, Brämick U, Lemcke R (2005) Composition of fish 845 
communities in German lakes as related to lake morphology, trophic state, shore 846 
structure and human use intensity. Freshwater Biol 50:70-85. 847 
 848 
Meijer ML, De Hann MW, Breukelaar AW, Buiteveld H (1990) Is reduction of 849 
the benthivorous fish an important cause of light transparency following 850 
biomanipulation in shallow lakes ? Hydrobiologia 200/201:303-315. 851 
 852 
Monti M. (1864) Notizie dei pesci delle province di Como e Sondrio e del Canton 853 
Ticino. Carlo Franchi (Ed). Como. 854 
 855 
Moyle PB, Marchetti MP (2006) Predicting invasion success: freshwater fishes in 856 
California as a model. Bioscience 56:515-524. 857 
 858 
Negri A (1995) Risultati dell’indagine sul popolamento ittico. Technical report of 859 
the Consorzio della Riserva Naturale del lago di Montorfano. 50pp. 860 
 861 
Pauly D (1980) On the interrelationships between natural mortality growth 862 
parameters and mean environmental temperature in 175 fish stocks. J Cons Int 863 
Explor Mer 39:175-179. 864 
 865 
Pauly D, Munro JL (1984) Once more on the comparison of growth in fish and 866 
invertebrates. Fishbyte 2:21-22. 867 
  40
 868 
Persson A, Hansson LA (1999) Diet shift in fish following competitive release. 869 
Can J Fish Aquat Sci 56:70-78. 870 
 871 
Persson A, Brönmark C (2002) Foraging capacities and effects of competitive 872 
release on ontogenetic diet shift in bream (Abramis brama). Oikos 97:271-281. 873 
 874 
Persson L, Amundsen PA, de Roos AM, Klementsen A, Knudsen R, Primicerio R 875 
(2007) Culling prey promotes predator recovery-alternative states in a whole lake 876 
experiment. Science 316:1743-1746. 877 
 878 
Provincia di Como (1985) Studio interdisciplinare in cinque “biotopi”. 879 
Assessorato all’Ecologia della Provincia di Como (Ed). Como. Italy. 880 
 881 
Psuty I, Borowski W (1997) The selectivity of gill nets to bream (Abramis brama 882 
L.) fished in the Polish part of the Vistula Lagoon. Fish Res 32:249-261. 883 
 884 
Rahel FJ (2000) Homogenization of fish faunas across the United States. 885 
Bioscience 50:53-65. 886 
 887 
Rayol Y, Hugueny B, Pont D, Bianco PG, Beier U, Caiola N, Casals F, Cowx, I, 888 
Economou A, Ferreira T, Haidvogl G, Noble R, de Sostoa A, Vigneron T, 889 
  41
Virbickas T (2007) Patterns in species richness and endemism of European 890 
freshwater fish. Global Ecol Biogeogr 16: 65-75.  891 
 892 
Reddy YR (1994) Copepoda: Calanoida : Diaptomidae. Guide to the identification 893 
of the Microinvertebrates of the Continental of the World, 5: 220 pp. 894 
 895 
Rejmánek M, Richardson DM, Barbour MG, Crawley MJ, Hrusa GF, Moyle PB, 896 
Randall JM, Simberloff D, Williamson M (2002) Biological invasions: politics 897 
and the discontinuity of ecological terminology. Bull Ecol Soc Am 83:131–133 898 
 899 
Ribeiro F, Elvira B, Collares-Pereira MJ, Moyle PB (2008) Life-history traits of 900 
non-native fishes in Iberian watersheds across several invasion stages: a first 901 
approach. Biol Inv 10:89-102. 902 
 903 
Ricciardi A, Mc Isaac HJ (2011) Impacts of biological invasions on freshwater 904 
ecosystems. In: Fifty Years of Invasion Ecology: The legacy of Charles Elton. 905 
Richardson DM (Ed). Blackwell Publishing Ltd. pp211-223. 906 
 907 
Rodier J (1984) L'analyse de l'eau. Dunod, Paris. 908 
 909 
Rott E (1981) Some results from phytoplankton counting intercalibrations. 910 
Schweiz Z Hydrol 43:34-62. 911 
 912 
  42
Salonen E, Amundsen PA, Bøhn T (2007) Invasion, boom and bust by vendace 913 
(Coregonus albula) in the subarctic Lake Inari, Finland and the Pasvik 914 
watercourse, Norway. Advances Limnol 60: 331-342. 915 
 916 
Scheffer M, Hosper SH, Meijer ML, Moss B, Jeppesen E (1993). Alternative 917 
equilibria in shallow lakes. Trends Ecol Evol 8:275-279. 918 
 919 
Shapiro J, Lamarra V, Lynch M (1975) Biomanipulation: an ecosystem approach 920 
to lake restoration. In: Water Quality Management Through Biological Control 921 
(Eds Brezonik PL and Fox JL), pp. 85–96. University of Florida, Gainesville. 922 
Report no. ENV-07-75-1. 923 
 924 
Schulz U, Berg R (1987) The migration of ultrasonic-tagged bream, Abramis 925 
brama (L), in Lake Constance (Bodensee-Untersee). J Fish Biol 31:409-414. 926 
 927 
Sigma plot, version 11. Systat Software inc., San Josè, California (USA). 928 
 929 
Simberloff D (2011) How common are invasion-induced ecosystem impacts? Biol 930 
Inv 13:1255-1268. 931 
 932 
Slooff W, de Zwart D (1982) The growth, fecundity and mortality of bream 933 
(Abramis brama) from polluted and less polluted surface waters in the 934 
Netherlands. Sci Tot Environ 27:149-162. 935 
  43
 936 
Skov C, Lousdal O, Johansen PH, Berg S (2003) Piscivory of 0+ pike (Esox 937 
lucius L.) in a small eutrophic lake and its implication for biomanipulation. 938 
Hydrobiologia 506-509:481-487. 939 
 940 
Skov C, Nilsson PA (2007) Evaluating stocking of YOY pike Esox lucius as a 941 
tool in the restoration of shallow lakes. Freshwater Biol 52:1834-1845 942 
 943 
Skov C, Baktoft H, Brodersen J, Brönmark C, Chapman BB, Hansson LA, 944 
Nilsson LA (2011) Sizing up your enemy: individual predation vulnerability 945 
predicts migratory probability. Proc R Soc B 278:1414-1418. 946 
 947 
Søndergaard M, Jeppesen E, Berg S (1997) Pike (Esox lucius L.) stocking as a 948 
biomanipulation on lower trophic levels in Lake Lyng, Denmark. Hydrobiologia 949 
342/343:319-325 950 
 951 
Søndergaard M, Jeppesen E, Lauridsen T, Skov C, Van Nes EH, Roijackers R, 952 
Lammens E, Portielje R (2007) Lake restorations; successes, failures and long-953 
term effects. J Appl Ecol 44:1095-1105. 954 
 955 
Sparre P, Venema SC (1988) Introduction to tropical fish stock assessment. Food 956 
and Agriculture Organization of the United Nations. FAO fisheries technical 957 
paper; Part 1 Manual. Rev. 2. 306/1, Rome, Italy. 958 
  44
 959 
Specziar A, Tölg L, Biro P (1997) Feeding strategy and growth of cyprinids in the 960 
littoral zone of Lake Balaton. J Fish Biol 51:1109-1124. 961 
 962 
Snow HE (1978) Responses of northern pike to exploitation in Murphy Flowage, 963 
Wisconsin. Am Fish Soc Spec Publ 11:320-327. 964 
 965 
Strayer D.L., Malcom HM (2006) Long-term demography of a zebra-mussel 966 
(Dreissena Polymorpha) population. Freshwater Biol 51:117-130. 967 
 968 
Tatrai I, Toth G, Ponyi JE, Zlinskzky J, Istvanovics V (1990) Bottom-up effects 969 
of bream (Abramis brama L.) in Lake Balaton. Hydrobiologia 200/201:167-175. 970 
 971 
Treer T, Opačak A, Aničić I, Safner R, Piria M, Odak T (2003) Growth of bream, 972 
Abramis brama, in the Croatian section of the Danube. Czech J Anim Sci 48:251-973 
256. 974 
 975 
Valderrama JC (1981) The simultaneous analysis of total nitrogen and total 976 
phosphorus in natural waters. Mar Chem 10:109-122. 977 
 978 
Vanni MJ (2002) Nutrient cycling by animals in freshwater ecosystems. Ann Rev 979 
Ecol Syst 33:341-370. 980 
 981 
  45
Van de Wolfshaar K, de Roos AM, Persson L (2006) Size-dependent interactions 982 
inhibit coexistence in intraguild predation systems with life-history omnivory. Am 983 
Nat 168:62-75. 984 
 985 
Verant ML, Konsti ML, Zimmer KD, Deans CA (2007) Factors influencing 986 
nitrogen and phosphorus excretion rates of fish in a shallow lake. Freshw Biol 52: 987 
1968-1981 988 
 989 
Volta P, Oggioni A, Bettinetti R, Jeppesen E (2011) Assessing lake typologies 990 
and indicator fish species for Italian natural lakes using past fish richness and 991 
assemblages. Hydrobiologia 671:227-240. 992 
 993 
Volta P, Jepsen N (2008) The recent invasion of roach Rutilus rutilus (Pisces: 994 
Cyprinidae) in a large South-Alpine Lake. J limnol 67:163-170. 995 
 996 
Von Bertalanffy L (1938) A quantitative theory of organic growth. Human Biol 997 
10:181-213. 998 
 999 
Welcomme RL (1998) International introductions of inland aquatic species. FAO, 1000 
Rome. 1001 
 1002 
Wilcove DS, Rothstein D, Dubow J, Phillips A, Losos E (1998) Quantifying 1003 
threats to imperiled species in the United States . BioScience 48:607-615. 1004 
  46
 1005 
Winfield IJ, Fletcher JM, James JB (2011) Invasive fish species in the largest 1006 
lakes of Scotland, Northern Ireland, Wales and England: the collective UK 1007 
experience. Hydrobiologia 660:93-103. 1008 
 1009 
Wolfe MD, Santucci VJ, Einfalt LM, Wahl DH (2009) Effects of common carp on 1010 
reproduction, growth, and survival of largemouth bass and bluegills. Transact Am 1011 
Fish Soc 138:975-983. 1012 
 1013 
Živkov MT, Trichkova TA, Raikova-Petrova GN (1999) Biological reasons for 1014 
the unsuitability of growth parameters and indices for comparing fish growth. 1015 
Environ Biol Fish 54:67-76  1016 
Table 1 1017 
Species composition, total number of specimens, NPUE and BPUE, mean total length and age range determined for the fish captured 1018 
by multi-mesh survey gill nets and by electrofishing in Lake Montorfano. Data from the 2-day sampling event are pooled. 1019 
Species name 
Common 
name 
N° ind. 
gillnets 
N° ind. 
electrofishing 
NPUE 
(±SD) 
(ind m-2) 
BPUE 
(±SD) 
(g m-2) 
Mean length 
gillnets 
(±SD) 
(cm) 
NPUE 
electrofishing 
(ind dip-1) 
Mean length 
electrofishing 
(±SD) 
(cm) 
Age range 
(years)  
Abramis brama  
Common 
bream 
1481 17 
87.1 ±53.2 1747.9 ±996.0 
11.0 ±4.0 
0.2 ±1.5 
8.9 ±0.7 0-5 
Carassius 
carassius 
Crucian carp 0 3 
- - 
- 
0.04 ±0.02 
33.4 ±2.2 2 
Esox lucius  Pike 2 29 0.1 ±0.3 139.1 ±486.4 52.2 ±18.1 0.3 ±0.6 37.6 ±16.0 1-7 
Lepomis gibbosus  Pumpkinseed 458 1270 26.9 ±22.6 61.9 ±43.2 5.0 ±0.7 14.9 ±29.1 4.5 ±1.0 0-5 
Micropterus 
salmoides   
Largemouth 
bass 
6 11 
0.4 ±0.7 83.2 ±172.5 
25.2 ±4.7 
0.1 ±0.4 
26.2 ±4.5 2-4 
Perca fluviatilis Perch 284 0 16.7 ±15.1 275.5 ±249.6 10.8 ±2.5 - - 0 -5, 8 
Rutilus aula 
Italian roach 
“Triotto” 
2 0 
0.1 ±0.2 0.5 ±2.2 
11.5 ±1.5 
- 
- 2 
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Scardinius 
erythrophthalmus  
Rudd 126 166 
7.4 ±10.9 206.7 ±313.2 
12.0 ±3.6 
1.9 ±6.5 
9.4 ±2.2 2, 5-6 
Tinca tinca  
 
Tench 3 7 
0.2 ±0.4 0.5 ±1.2 
6.0 ±0.9 
0.1 ±0.3 
12.2 ±7.1 0, 2-3 
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Table 2 
Comparison of life history parameters between  the bream population in Lake Montorfano and 
other European waters. *If missing, Lm has been calculated from L∞ using the empirical equation 
from Froese and Binholan (2000). ** Z has been calculated as the average between Z for males 
and females specimens, nd= no data available. §maximum length registered. For the Danish lakes 
the value is a median) of the maximum lengths of the bream captured in the different lakes. 
Location 
t (years) 
oldest age-
class 
determined 
L∞ 
(cm) 
Curvature 
parameter 
(k) 
Overall 
growth 
performance 
(Φ') 
Mean 
length 
at first 
maturity 
Lm (cm) 
Natural 
mortality 
M 
(y-1) 
Total 
mortality 
Z 
(y-1) 
Source 
Szczecin 
lagoon 
(Poland ) 
16 54.14 0.136 2.60 30.1* 0.25 nd 
Kompowski 
(1988) 
Lake Dąbie 
(Poland) 
16 44.62 0.175 2.54 25.3* 0.15* nd 
Kompowski 
(1988) 
Lake 
Braassem 
(Netherlands) 
>12 43.6 0.18 2.53 24.8* nd 0.42** 
Slooff and 
De Zwart 
(1982) 
Lake Ijssel 
(Netherlands) 
>12 64.6 0.09 2.57 35.3* nd 0.58** 
Slooff and 
De Zwart 
(1982) 
Rive Rhine 
(Netherlands) 
>12 44.0 0.18 2.54 25.0* nd 1.15** 
Slooff and 
De Zwart 
(1982) 
Lake Balaton 
(Hungary) 
10 50.1 0.083 2.32 28.1* nd nd 
Specziar et 
al. (1997) 
River 
Danube 
(Croatia) 
16 57.7 0.087 2.46 31.9* nd nd 
Treer et al. 
(2003) 
Ovcharitsa 
reservoir 
(Bulgaria) 
10 62.3 0.098 2.58 34.1* nd nd 
Živkov et al. 
(1999) 
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Lake 
Montorfano 
6 33.5 0.037 1.62 19.5 0.61 0.64 (this study) 
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FIGURE CAPTIONS 
 
Fig. 1 
NPUE (a) and BPUE (b) of the nets for the different fish species in the three 
sampling strata in Lake Montorfano. Data from the 2-day sampling event were 
pooled. Error bars are standard deviation. 
 
Fig. 2 
Characteristics of the Lake Montorfano bream population: (a) length frequency 
distribution (% by numbers) of the bream caught during the whole sampling 
period, (b) box plot (median, 5, 25, 75 and 95 percentiles) showing the length of 
the bream in the three lake depth strata, (c) the length (cm) of bream at different 
ages (months), and (d) the proportion of mature fish at different lengths (95% 
confidence bands are indicated). 
 
 
Fig. 3  
Diet of the Lake Montorfano bream population. Data are presented according to 
method of Costello (1990). 
 
 
Fig. 4 
  52
Temporal variations in chemical, physical and biological limnological data of 
Lake Montorfano: (a) transparency (Secchi depth), (b) total phosphorus, (c) total 
nitrogen, (d) ammonium, (e) dissolved oxygen at 6m depth and (f) chlorophyll a, 
(g) phytoplankton (Cyanobacteria and all the others taxa); (h) zooplankton 
(cladocerans and copepods), (i) copepods (calanoids and cyclopoids) and (j) 
herbivorous cladocerans. 
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FIGURE 1 
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